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PREFACE 
This Memorandum is an outgrowth of a RAND study of Apollo pre- 
launch checkout. (') 
monitoring task for Saturn V checkout as a part of the workload of the 
ground computer complex. 
required to bring the signals to the ground system stimulated the 
authors to look for improved methods for communicating the needed 
information. 
It discusses the feasibility of incorporating a portion of space 
vehicle ground support equipment in the vehicle. This equipment would 
perform the function of monitoring discrete signals, reporting their 
changes to ground equipment. 
The earlier study described the discrete signal 
The weight and complexity of the cabling 
The present Memorandum reports on this added effort. 
The report should be of interest to agencies and contractors having 
responsibility for space vehicle checkout, launch control, and flight 
moni toring. 
This work was performed as part of the Apollo Checkout System 
Study being performed for the National Aeronautics and Space Administration 
under Contract NASr-21(08). 
t 
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SUMMARY 
Prelaunch checkout of a space v e h i c l e  involves  monitor ing o f  
hundreds of  d i s c r e t e  (on-off) s i g n a l s .  P re sen t  des ign  r e q u i r e s  t h a t  
a g r e a t  many o f  t h e s e  d i s c r e t e  s i g n a l s  be brought o u t  from t h e  launch 
v e h i c l e  i n  the  umbi l i ca l s .  This  Memorandum d e s c r i b e s  an  on-board 
method of monitor ing d i s c r e t e  s i g n a l s  such t h a t  on ly  "change" informa- 
t i o n  need be r epor t ed  t o  ground equipment. Th i s  change informat ion  
can be mul t ip l exed ,  thus e l imina t ing  a l a rge  number of umbi l i ca l  s i g n a l  
w i r e s  o therwise  r e q u i r e d .  This  i n  t u r n  can be expected t o  e f f e c t  a 
modest weight sav ing .  Fu r the r  weight sav ing  can be accomplished by 
u s i n g  i n t e g r a t e d  c i r c u i t s  i n  t h e  on-board monitor ing u n i t s .  F i n a l l y ,  
more post-launch d a t a  can be made a v a i l a b l e  t o  the  ground system 
( t h a n  is  a v a i l a b l e  i n  the  p re sen t  Sa tu rn  launch v e h i c l e s )  by t e l eme te r ing  
the  d i s c r e t e  s i g n a l  change d a t a .  
I 
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I. INTRODUCTION 
Checkout of a missile or space system includes the monitoring of 
a large number of on-off or "discrete" signals. 
monitoring" consists of surveillance of a set of electrical bilevel 
signals to determine whether (and hen) the signals change their values. 
The signals transmit information with physical meaning, such as: a 
valve is open or closed, a motor is on or off, a relay is open or 
closed, or a temperature threshold has been exceeded. During the 
checkout of a space vehicle or missile, both the time at which a change 
occurs and the direction of the change are important. 
This "discrete signal 
Discrete monitoring has typically been accomplished by use of 
multiple-channel pen recorders. 
is that a human observer is required to "process" the data. 
The main disadvantage of this method 
A more recent method of implementing discrete monitoring employs 
digital processing techniques within the ground checkout system: 
either a special-purpose unit or a general-purpose computer augmented 
by special-purpose equipment. Memory is used for storage of (1) past 
values of discretes, and (2) accumulated data about changes of dis- 
cretes. The change data can be recorded by printing, punching paper 
tape, or recording on magnetic tape. 
* 
This Memorandum suggests that a portion of the discrete monitor- 
ing task be performed by equipment in the vehicle itself, rather than 
in the ground system. Performing discrete monitoring on board the 
vehicle is expected to eliminate a large number of wires that would 
otherwise be needed in the umbilicals to transmit the discrete signals. 
It is believed that the proposed method would permit a reduction in 
the vehicle weight by time multiplexing at appropriate points, and, 
through elimination of umbilical connections and cabling, may increase 
the reliability of the overall system (including ground equipment). 
Another important potential advantage, provided telemetry is used for 
transmission, is the continued availability to the ground station of 
the discrete monitoring data after liftoff . 
* 
A more complete report on discrete monitoring by a general- 
purpose computer can be found in Ref. 1. 
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Although on-board discrete monitoring could be performed by 
either special-purpose digital equipment or a general-purpose computer, 
we shall consider here only special-purpose discrete monitoring units 
small enough that one could be used in each stage of a multiple-stage 
vehicle. 
The Memorandum does not include the design of a specific system, 
but rather examines the utility and feasibility of the idea. Further, 
it does not present a general analysis, but instead considers the 
concept for the Saturn V case. 
' 
-3- 
11. REQUIREMENTS AND ASSUMPTIONS 
Designing equipment for discrete monitoring requires knowledge 
of (1) the time accuracy to which changes in discrete signals need to 
be identified, and (2) the maximum number of changes that can occur in 
a minimum time segment. For example, if the time resolution desired 
is one millisecond, and ten discrete signals can change during this 
time, then a minimum instantaneous rate of 10,000 changes per second 
must be accommodated. The elements of significant information required 
are the time of change to the nearest millisecond, the direction of 
change, and the identification of the discrete signal involved. 
To illustrate on-board discrete monitoring, the following esti- * 
mated requirements of one stage of a Saturn-type vehicle 
(1) up to 400 discrete signals must be monitored, (2) the time at 
which changes occur is to be measured with a resolution of one milli- 
second, (3) no more than half of these discrete signals are used by 
the ground system as conditional inputs for proceeding in the test 
sequence, and ( 4 )  a delay of 50 milliseconds in reporting these changes 
is acceptable. Further, the following rates of change are assumed to 
be realistic and feasible: 
are used: 
Peak number of changes per millisecond 30 
Peak number of changes per second 100 
Peak number of changes per minute 500. 
3; 
Based on several discussions with NASA-MSFC personnel, these 
assumptions equal or exceed stage-level checkout discrete signal 
workloads and existing or proposed ground equipment capabilities. 
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111. THE PROPOSED ON-BOARD MONITORING SYSTEM 
SYSTEM ELEMENTS 
The functional elements of an on-board discrete monitoring system 
would be as follows: 
Discretes 
i 
Change 
Detect or Buffer 
Time 
Generator 
Change Detector and Scanner. The principal function of this 
element is to detect the presence of a change in the value of a dis- 
crete signal and to enter the direction of change, time of change, and 
identification of the discrete into the buffer. Its secondary function 
is to occasionally report the status of all discrete signals, indepen- 
dent of change. 
equipment. This function is status monitoring. 
This permits synchronization of ground monitoring 
Time Generator. This element provides the time data accompanying 
each change of discrete value as that value is entered into the buffer. 
Either absolute time or relative time can be used, provided it does not 
result in ambiguity for ground equipment. 
Buffer. The buffer provides storage for a number of discrete 
value changes. 
quickly if they occur in bunches, and to output them later. 
This permits the monitoring system to record changes 
A buffer capacity of approximately 500 changes in discrete 
signals (Format I, p. 5) is sufficient for the maximum input rates 
of change if the output rate is 40 changes per second. This output 
rate can be achieved by using one 120 sample-per-second position of 
a telemetry commutator, for example. 
would be transmitted as three 10-bit telemetry words. A full buffer 
One change of a discrete signal 
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could be emptied in 12.5 seconds with no new inputs. 
time is available for transmission of discrete status data. 
The rem.aining 
A small amount of buffer capacity is required for past values 
of discrete signals. Assuming 24 bits representing 24 discrete sig- 
nals were packed into one word, 17 words of storage would be required 
to provide data on 400 discrete signals. 
Output. The output element controls the rate and the format of 
output for communicating discrete change data to ground equipment. 
The output might utilize, for example, one or more positions on a 
telemetry commutating unit as previously noted. If certain changes 
require priority handling for use in the checkout system, this could 
readily be accomplished by the output element. 
Two formats of output are required, one for reporting changes in 
discrete signals and the other for status reporting. 
Format I--Discrete Change Data (28 bits) 
1 
bit 
source 
identifier 
16 bits 
second millisecond 
time of change 
(up to one minute) 
Format 11--Discrete Status Data (30 bits) 
5 bits 
1 of 17 banks 
bank 
address 
2Lc bits 
status of each of 24 discretes 
bank of discretes 
1 
bit 
C 
0 
-4 aJ 
U M  
o w  c 
a o m  
.2 
TJ 
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Format I would be  used t o  t ransmi t  each change r e p o r t e d  and Format 
I1 t o  r e p o r t  t h e  s t a t u s  of t h e  d i s c r e t e s  a t  i n t e r v a l s  of a few 
minutes .  Change information would have p r i o r i t y ,  and hence would 
i n t e r r u p t  s t a t u s  r e p o r t i n g  when necessary.  I n  both formats  , t he  
f i r s t  b i t  would be used t o  i d e n t i f y  the message as r e l a t i n g  t o  change 
o r  t o  s t a t u s .  
o f  t h e  24 b i t s  be ing  t r ansmi t t ed .  
of  t h e  word would be used t o  present  t he  s t a t u s  o f  each d i s c r e t e  w i t h i n  
t h e  i d e n t i f i e d  bank. For change informat ion ,  t h e  d i r e c t i o n  of  change 
and accu ra t e  t i m e  information a re  a l s o  r equ i r ed ;  t h e  ba lance  of t h e  
word i s  t h e r e f o r e  used t o  i d e n t i f y  a s p e c i f i c  d i s c r e t e  t i m e  and the  
d i r e c t i o n  of  change. 
The next f i v e  b i t s  would i d e n t i f y  t h e  bank o r  group 
For  s t a t u s  r e p o r t i n g ,  t h e  balance 
I f  one p o s i t i o n  on the  te lemetry commutator i s  used t o  r e p o r t  
d i s c r e t e s ,  t h r e e  te lemet ry  words would be r equ i r ed  t o  r e p o r t  each 
change. This  one p o i n t  would permit t ransmiss ion  o f  40 d i s c r e t e  
changes per  second. For peak change rates,  de l ays  o f  approximately 
several seconds could occur  between the  change and t h e  r e p o r t i n g  of  
t h a t  change. While t h i s  i s  an  un l ike ly  occurrence ,  i f  such a de lay  
p r e s e n t s  system problems, a d d i t i o n a l  p o s i t i o n s  on t h e  commutator 
could be made a v a i l a b l e  ( s e e  foo tno te ,  p .  8). 
Furthermore,  a p r i o r i t y  s y s t e m  could be  incorpora ted  e a s i l y  f o r  
r e p o r t i n g  t h e  more important  changes f i r s t .  A p r i o r i t y  scheme t h a t  
v a r i e d  as a func t ion  of  t he  s t a t u s  of t h e  t es t  could a l s o  be inc luded ,  
a t  t he  expense o f  such complicat ions as an in t e rconnec t ion  wi th  t h e  
d i s c r e t e  command l i n k  o r  t h e  guidance computer. 
IMPLEMENTATION OF THE SYSTEM 
Func t i o  na 1 Uni t  Implementation 
* 
Change Detec tor  and Scanner.  These b a s i c  techniques are 
suggested f o r  p o s s i b l e  implementation of  t h e  change d e t e c t o r  and 
scanner  : 
1. se r i a l ,  s i n g l e - l e v e l  scanning 
2. ser ia l ,  m u l t i p l e - l e v e l  scanning 
* 
The Appendix b r i e f l y  descr ibes  these  techniques .  
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3 .  ser ia l ,  jump scanning 
4 .  p a r a l l e l ,  s i n g l e - l e v e l  scanning. 
S e r i a l ,  s ing le - l eve l  scanning looks a t  each d i s c r e t e  i n  a ser ia l  
manner as t h e  name impl ies .  S e r i a l  m u l t i p l e - l e v e l  scanning employs 
a h i e ra rchy  of scanning i n  which several s e r i a l ,  s i n g l e - l e v e l  scanners  
s ea rch  segmented groups of d i s c r e t e s  and s t o p  when a change i s  de tec t ed .  
A h ighe r  level scanner  searches  the lower level scanners ,  p icks  up 
t h e  changes and then  releases the  lower l e v e l  scanners  t o  cont inue  
scanning.  
three o r  more levels of scanning. 
t h a t  causes  the  scanner t o  jump to a changed d i s c r e t e  wi thout  search ing .  
A s  one might surmise,  jump scanning l o g i c  i s  complex. P a r a l l e l ,  
s i n g l e - l e v e l  scanning examines groups of d i s c r e t e s  i n  word-length s i z e s .  
The t h r e e  types of serial  scanning r e q u i r e  success ive ly  lower scanner  
f requencies .  
v i o u s l y  assumed, maximum scanner  f requencies  o f  400 k c ,  190 kc ,  and 
30 k c  w e r e  computed f o r  t he  f i r s t  t h r e e  techniques.  The p a r a l l e l ,  
s i n g l e - l e v e l  scanner  ( 4 )  r e q u i r e s  a scanning frequency o f  16.7 k c  when 
d i s c r e t e  s i g n a l s  are t e s t e d  f o r  change i n  banks of  24. Both t h e  serial 
jump scanner and the  p a r a l l e l  scanner have s a t i s f a c t o r y  maximum scan  
f requencies  f o r  d i s c r e t e  monitoring. S ince  p a r a l l e l  scanning i s  much 
p r e f e r r e d  f o r  s t a t u s  moni tor ing ,  we concluded t h a t  p a r a l l e l ,  s i n g l e -  
l e v e l  scanning should be employed f o r  c e n t r a l i z e d  scanning.  
choice  i s  i n  accord wi th  c u r r e n t  computer-controlled d i s c r e t e  monitor- 
i n g  techniques.  I n  the  event  t h a t  l o c a l  scanners  are used ,  serial  
scanning methods may be p re fe rab le  t o  reduce t h e  number of i n t e r -  
connect ing w i r e s  r equ i r ed .  
U n i t s  .I1 
This  can be implemented i n  many p o s s i b l e  combinations wi th  
S e r i a l  jump scanning con ta ins  l o g i c  
For 400 d i s c r e t e  s i g n a l s  wi th  t h e  rates of change pre-  
This  
This i s  d i scussed  under "Local Scanning 
Time Generator .  The t i m e  generator  would be b u i l t  of d i g i t a l  
e l e c t r o n i c  components and opera te  as a counter .  
provide t i m e  d i v i s i o n  of  a s t a b l e  frequency source such as t h a t  used 
f o r  te lemet ry  cormnutation. 
maintained i n  mi l l i seconds  and seconds, wi th  a capac i ty  of  approximately 
one minute.  
minute  may be d e s i r e d  because of ground s t a t i o n  coverage,  and th i s  can 
be  implemented e a s i l y .  
This  counter  would 
It i s  suggested t h a t  t h e  t i m e  count  be 
For upper s t a g e s  o r  i n  space u s e ,  i n c r e a s e s  beyond a 
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Buf fe r .  The b u f f e r  would use magnetic c o r e s  and would provide a 
c a p a c i t y  of 512 words of 30 b i t s  each. The magnetic c o r e s ,  t h e  co re  
p l a n e s ,  and t h e  s e l e c t i o n  method must be chosen t o  f u n c t i o n  p rope r ly  
i n  t h e  v e h i c l e  environment. 
More than  one address  source would be used f o r  t h e  memory. For 
example, t h e  c u r r e n t  addres s  of  the p a s t  va lues  o f  d i s c r e t e  s i g n a l s  
is r e q u i r e d  t o  compare with cu r ren t  v a l u e s  being scanned. 
t o  t h i s ,  t h e  nex t  address  a t  which a d i s c r e t e  change i s  t o  be loaded, 
and t h e  address  t o  unload it are requ i r ed .  These t h r e e  v a r i a b l e  
addres ses  can be s t o r e d  i n  f i x e d  l o c a t i o n s  i n  memory and brought o u t  
i n t o  t h e  a c t u a l  memory address  r e g i s t e r  when r e q u i r e d .  
e f f e c t i v e  way t o  minimize the  bu f fe r  equipment requirements .  
I n  a d d i t i o n  
This  i s  an  
A memory cyc le  t i m e  of 10 t o  15 microseconds,  r e a d i l y  o b t a i n a b l e ,  
i s  more than  adequate f o r  a l l  ope ra t ions  mentioned. 
Output.  The ou tpu t  of d i s c r e t e  changes could be e i t h e r  through 
a s p e c i a l  l i n e  i n  the umbi l i ca l  or  through u s e  of a f r a c t i o n  o f  t h e  
c a p a c i t y  o f  one te lemetry u n i t  .(2)* As  p rev ious ly  mentioned, one change 
could be t r a n s m i t t e d  as t h r e e  te lemetry words. Thus t h e  bu f fe red  ou t -  
pu t  might u se  one o r  s e v e r a l  o f  the 120 sample-per-second p o i n t s  on an  
e x i s t i n g  te lemetry u n i t .  One po in t  would p e r m i t  t he  t r ansmiss ion  o f  
40 changes per  second. 
72,000-bit-per-second t e l eme t ry  u n i t  used i n  the  Apollo launch v e h i c l e .  
This  i s  only 1 /60  of t h e  c a p a c i t y  of t h e  
P h y s i c a l  C h a r a c t e r i s t i c s  
Two d i s t i n c t l y  d i f f e r e n t  approaches t o  t h e  r e l a t i v e  l o c a t i o n  of 
t h e  system p a r t s  a r e  f e a s i b l e .  One such approach i s  t o  have a “ c e n t r a l -  
ized” d i s c r e t e  monitor u n i t ,  w i th  a l l  d i s c r e t e  s i g n a l s  o r i g i n a t i n g  
w i t h i n  t h e  s t a g e  be ing  cabled t o  i t .  While t h i s  i s  concep tua l ly  s imple,  
weight improvements are ob ta ined  i f  t h e  scanning f u n c t i o n  i s  d i spe r sed .  
To achieve t h i s ,  small scanning u n i t s  would be placed i n  the  v i c i n i t y  
of t h e  o r i g i n  of d i s c r e t e  s i g n a l s  and would o p e r a t e  i n  con junc t ion  wi th  
a c e n t r a l  b u f f e r ,  t iming,  and output  u n i t .  The fo l lowing  paragraphs 
d e s c r i b e  t h i s  i n  g r e a t e r  d e t a i l .  
n 
A t  f i r s t  glance t h i s  may appear t o  r e q u i r e  added t e l eme t ry .  
Fu r the r  examination shows t h a t  a number o f  t e l eme t ry  p o s i t i o n s  are 
c u r r e n t l y  used t o  r e p o r t  d i s c r e t e  changes w i t h  one p o s i t i o n  on t h e  
commutating u n i t  per  d i s c r e t e  monitored. These can be modif ied t o  
accommodate more d a t a  us ing  the  technique d e s c r i b e d  h e r e .  
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Local Scanning Units. The function of local scanning units would 
be principally to reduce the cabling in each vehicle stage as compared 
to that required to perform centralized scanning. Each local scanning 
unit would provide selection control for one or more banks of 24 dis- 
crete signals, perhaps to a limit of 96 discretes. This selection 
control would function in response to an enabling signal and clocking 
from the central monitor unit as shown in the following figure. For 
example, a 48-point local scanning unit would automatically sequence 
through 48 states. This seqdencing might be controlled either by a 
48-bit shift register or by a binary counter 6 bits in length, which 
is decoded into 48 of its possible 64 combinations. However imple- 
mented, each of the 48 states would individually select one discrete 
signal, its value (0 or 1) being transmitted to the central unit on 
one line common to all other discrete signals. Thus the enabling 
signal produces a burst of 48 pulses at clock rate, representing 48 
discrete signal values of 0 or 1. 
The method just described minimizes the number of wires (three) 
connecting the local scanning units and the central monitor unit. 
Closer examination of the detailed design tradeoffs may indicate that 
a partially parallel structure is justified. For example, discretes 
could be sampled sequentially in groups of six. 
the local scan frequency proportionately, but would increase the number 
of interconnecting wires by five. 
unit, if mechanized as one central unit, would occupy from 0.2 ft3 to 
0.5 ft 
and the packaging technique used. At least 0.1 ft and 5 lb of this 
would be required for connectors for the 400 discrete signals. 
remaining volume and weight would allow for structure, power supplies, 
magnetic core stack, and electronics. The estimated weight and volume 
of the electronics could be reduced by an order of magnitude (and the 
reliability increased) through the use of integrated circuits. The 
system should be designed to withstand normal spaceborne equipment 
environments. The total power load for this system is estimated to 
be less than 50 watts. 
This would reduce 
Size, Weight, and Power. We estimate that the discrete monitor 
3 and weigh from 15 to 30 l b ,  depending on the components selected 
3 
The 
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Alternatively, if the discrete monitor unit uses dispersed local 
scanners, the central monitoring unit requires many fewer connectors 
and very little scanning circuitry. The volume and weight of this 
unit is estimated to be 0.1 to 0.3 ft and 7 to 15 lb, respectively. 
Each local scanner is estimated to be very small--from 0.03 ft to 
0.5 ft in volume and from .5 to 1.5 lb in weight, including connectors. 
The packaging would have to be compatible with the environments 
encountered. This may require some shielding for those local scanners 
in the engine compartment. We believe this to be comparable to the 
transducer signal conditioning design problems. 
3 
3 
3 
Comparison to Present Methods. The on-board discrete monitoring 
system described can save vehicle weight by reducing the amount of 
on-board electrical cable. In order to estimate this weight saving, 
we used a conservative value of 6 lb per 1000 feet of wire in cable 
form. In the present system, 400 discretes are brought to umbilicals 
on each of the four stages or elements of the Saturn V. It is assumed 
that half of these originate at each end of the stage and that they 
are approximately equally distributed over the cross-section of the 
stage. Based on fore and aft umbilical connectors on the stage, the 
cable is estimated to have a 25-ftmean length, or 10,000 ft of wire, 
weighing 60 lb. Due to cable routing, this length is assumed for all 
four elements (SIC, SII, SIVB, and IU) whose diameter varies from 
20 ft 8 in. to 33 ft. 
If a centralized discrete monitoring method were used, the dis- 
cretes would have to be wired to this unit and a net increase in weight 
would result. However, if local scanners were employed and located such 
that discretes are collected with minimum cable length to the local 
scanner, the on-board weight can be reduced. 
saving, an average of 3 feet of cable is assumed to be necessary to 
bring the discretes to the seventeen local scanners (1200 ft of wire) 
and a five-wire cable used to connect all local scanners to each other, 
with a single five-wire cable going to the central discrete monitoring 
unit (275 x 5 = 1375 ft of wire). This total of 2575 feet of wire is 
estimated to weigh 15.5 lb. Using the 60 lb cable weight previously 
estimated and the earlier estimates of unit weights, a net savings 
per stage/element of 15 to 30 lb could result, using standard electronics 
To estimate this weight 
-12- 
Cos t and Schedule 
Considering t h e  number and types of c i r c u i t s  and packaging 
involved,  and u s i n g  convent ional  design and c u r r e n t  p r i c i n g ,  l i m i t e d  
product ion c o s t  f o r  t he  d i s c r e t e  monitor u n i t  i s  e s t ima ted  t o  be 
between $40,000 and $80,000, and development c o s t  of a p ro to type  
from $250,000 t o  $500,000. I n  add i t ion ,  computer test  programs for 
t h e  ground system would have to  be modif ied a t  an  e s t ima ted  c o s t  o f  
$150,000 t o  $300,000. 
a t  12-15 months, w i t h  a f i r s t  product ion u n i t  a v a i l a b l e  i n  18-24 months. 
Development t i m e  for t h e  p ro to type  i s  es t ima ted  
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IV. CONCLUSIONS 
Cur ren t  methods of  handl ing d i s c r e t e  s i g n a l s  r e q u i r e  t h a t  a 
d i s c r e t e  s i g n a l  e i t h e r  be (1) "hardwired" through an  umbi l i ca l  t o  
ground equipment, o r  (2) r o u t i n e l y  scanned by d a t a  a c q u i s i t i o n  methods 
and t r ansmi t t ed  v i a  te lemet ry .  Method (1) leads  t o  an undes i r ab ly  
large number of electrical  s i g n a l s  i n  t h e  umbi l i ca l s ,  b u t  more impor tan t ly ,  
r e s u l t s  i n  complete l o s s  o f  information a f t e r  t h e  umbi l i ca l s  have been 
dropped. Method (2) e i t h e r  usurps much o f  t h e  c a p a c i t y  o f  a t e l eme t ry  
u n i t ,  o r  it l eads  t o  extremely coarse time-of-change informat ion  as 
determined by the  ground sys  tern. 
On-board d i s c r e t e  monitor ing can produce a measurement t o  t h e  
n e a r e s t  mi l l i s econd  o f  t h e  t i m e  a t  which d i s c r e t e  s i g n a l s  change. It  
i s  t h e s e  changes t h a t  w u l d  be t r ansmi t t ed ,  r e q u i r i n g  much less band- 
width than t ransmiss ion  o f  d i s c r e t e  va lues .  Thus t h e  requirement  f o r  
hundreds o r  thousands of d i s c r e t e s  being c a r r i e d  i n  umbi l i ca l s  would 
be e l imina ted ;  t h e  p r i c e  f o r  t h i s  i s ,  o f  course ,  added on-board 
e l e c t r o n i c s .  It i s  be l ieved  t h a t  a monitor  u n i t  wi th  l o c a l  scanners  
would weigh somewhat less than the  p re sen t  system, which r e q u i r e s  
bulky cab le s .  Implementation of  the on-board d i s c r e t e  monitor ing u n i t  
w i th  i n t e g r a t e d  c i r c u i t s  i s  p a r t i c u l a r l y  d e s i r a b l e  because of  weight ,  
s i z e ,  and r e l i a b i l i t y  cons idera t ions .  
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Appendix 
SCANNING TO DETECT CHANGES IN DISCRETE SIGNALS 
I 
A number of techniques are available for detecting a change in 
the value of a discrete signal. 
periodic scanning of the discrete signals; during each scan, their 
values are compared with the values on the preceding scan. 
comparison shows a different value €or a discrete in successive scans, 
this change is noted, together with the time of occurrence. 
Several of these techniques involve 
If this 
Five methods of scanning are briefly described in this Appendix. 
Three of these use serial scanners, that is, discretes are scanned one 
at a time. One scanning method is parallel, that is, a bank of several 
discretes is simultaneously tested for  change. The last method described 
performs a continuous surveillance of the discrete signals, and is refer- 
red to as jump scanning. 
In the following discussion it is assumed that a complete scan of 
400 discretes must occur once each millisecond. 
SERIAL, SINGLE-LEVEL SCANNER 
The serial, single-level scanner operates in a completely sequen- 
tial manner. In order to meet the time granularity requirements, all 
400 discretes must be tested in each millisecond interval. 
a scanning frequency of 4.00 kc, corresponding to 400,000 discretes being 
tested each second. 
This requires 
SERIAL, TWO-LEVEL SCANNER 
Multiple level scanners can reduce this scanning frequency. For 
example, if the first-level scanner is broken into four sections (four 
100-point scanners), then each of these sections need sequence only 
through 100 points each millisecond. In order to bring the outputs of 
these four first-level scanners together, a 4-point second-level scanner 
must be used. The first-level scanner stops until it is released by the 
second-level scanner. In general, if N1 is the size of each first-level 
scanner and N is the size of the second-level scanner, the capacity of 2 
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the scanner is N N In this example, N = 100, N = 4, and N N = 400. 
The time required to scan N points without change at a scan frequency 
F is given by - . 
1 2' 1 2 1 2  
1 N1 
1 F1 
One factor that must be considered is the "access time" for the 
second-level scanner. For a single change, this access time may be 
as great as 
N2-1 
, where F is the scan frequency of the second-level 2 
L 
scanner. This could occur 30 times in one millisecond; therefore, the 
worst case access time is 30 - . It is usually desirable to have 
F1 = F2. 
N2- 1 
F2 
The total worst case time required to scan 400 discretes is the 
sum of the first-level scan time, plus the access time, which we set 
equal to one millisecond: 
N1 30(N2-1) 
F = seconds + F  
- 
We also have: 
N1N2 = 400, 
F 1 = F  = F  2 
A table of some N1, N2, and F values is shown below: 
F x N1 N2 
200 2 -230 
134 3 194 
100 4 190 
80 5 200 
67 6 21 7 
The lowest scan frequency of 190 kc occurs for a 4 x 100, two- 
level scanner. 
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SERIAL THREE-LEVEL SCANNER 
A three-level serial scanner is an extension of the two-level 
scanner. The equations related to (1) and (2) are: 
N1 30(N2-1) 30(N3-1) 
- +  + = seconds. ( 4) 
F1 F2 F3 
N N N  = 400. ( 5) 1 2 3  
If F = F = F = F, then the following table applies: 1 2 3  
F x 5 N 2  N3 
100 2 2 160 
67 3 2 157 
45 3 3 16 5 
50 4 2 170 
These results show that the lowest scan frequency of 157 kc is obtained 
by a 67 x 3 x 2, three-level scanner. 
PARALLEL SCANNER 
Parallel scanning permits a simultaneous determination of changes 
for banks of discretes. If 24 discretes are tested in parallel, 400124 
tests are required each millisecond. This corresponds to a scan fre- 
quency of 16.7 kc. Note that several changes of discretes could be 
detected simultaneously, each change requiring separate buffer entries. 
SERIAL JUMP SCANNER 
A scanner capable of detecting changes as they occur would have to 
operate, at most, 30 times each millisecond. The knowledge of a change 
condition would be implicit in the scan logic. As an example of such 
a method, consider a 20 x 20 matrix array of the discrete signals. If 
a three-valued parity digit (ternary parity) were carried for each row 
and each column, a single change could be detected by parity changes. 
That is, a change in a discrete signal would produce a parity change 
-18- 
in one row and one column. Since the parity digit is three-valued, 
the direction of change is intrinsically known. 
The response of the scanner to a change must be sufficiently fast 
and the scanner sufficiently sensitive to the start of a change so that 
no essentially simultaneous changes can occur. This is difficult and 
often expensive to implement, particularly where near-simultaneous 
changes are expected (as in this case) and where very low error rates 
are necessary. 
Because the jump scanner appeared to be less desirable than the 
parallel scanner, no further investigation of it was made. It is of 
interest to note, however, that the two-level and three-level scanners 
would be significantly improved by having a second- and third-level 
jump scanner respectively. 
-19 - 
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